19 cm -3 doped 2.5 µm long x-Si wire when the peak temperature is ~ 1600 K under a 20 V, 1 µs pulse for two cases of with and without velocity saturation. The peak temperature location is indicated with a green dot, shifted from the wire center by ~140 nm for both cases. Vertical lines indicate the wire ends. The general expressions for Seebeck coefficient (E1) and electrical conductivity (E2) obtained using the relaxation-time approximation solution to the Boltzmann equation 13 are used to numerically evaluate the Seebeck coefficient of 6x10 19 cm -3 doped n-type x-Si.
Here, q is the elementary charge, E F is the Fermi level position with respect to conduction band edge, g(E) is the density of states, E is the carrier energy with respect to conduction or valence band edge, τ e is the relaxation time of the system, f 0 (E) is the equilibrium Fermi-Dirac distribution function.
When 3D density of states,
, is inserted in (E1) and relaxation time τ e is assumed to be a function of E, τ e = τ 0 E r , where r is the scattering factor, typically ranging from -0.5 to 1.5 for lattice and impurity scattering, respectively, (E1) becomes:
After integration by parts the integrals can be expressed as:
where a is 2.5+r for the numerator and 1.5+r for the denominator. find the E F value that satisfies the charge neutrality condition. This process is performed for all temperatures ranging from 300 to 1690 K to build the E F -T curve for n-type x-Si.
The calculation of the hole concentration, p, requires E G -T information. Thus, band-gap changes due to doping level and temperature are accounted for 14 :
is the change in the band-gap due to doping concentration:
ΔE G becomes significant only for doping concentration levels higher than 10 18 cm -3 .
Calculated carrier densities and band-gap for 6x10 19 cm -3 doped x-Si is shown in Supplementary   Figure S3 .
Number of minority carriers becomes significant at high temperatures. Hence, Seebeck coefficients of both electrons and holes have to be evaluated and averaged to find the total Seebeck coefficient. Following the general Seebeck expression in (E10), Seebeck coefficients for electrons (S e ) and holes (S h ) are: 
where F e and F h are Fermi-Dirac integrals for electrons and holes, respectively, following the respective reference energy levels. PE and KE denote the average potential and kinetic energy, respectively, for each carrier type. Reference energy levels and energy increase directions for each carrier type are shown in Supplementary Figure S4 .
The total Seebeck coefficient (S) is calculated as an average of S e and S h weighted by the respective electrical conductivities (σ e , σ h ) 13 : Results show an increase in amplitude of both S e and S h with increased scattering factor (r). S h is very large compared to S e at low temperatures due to the large average potential energy of holes. Average kinetic energy of carriers, hence the Seebeck coefficient, increases with scattering factor r as can be seen in (E11) and (E12). Total Seebeck coefficient follows weighted S e up to high temperatures and deviates when weighted S h becomes significant. Calculated
Seebeck coefficient for scattering factor r of -0.5 (dominant lattice scattering) matches the experimental value at room temperature (Supplementary Figure S2d) ; hence this r is chosen for numerical modeling of thermoelectric transport in 6x10 19 cm -3 doped n-type Si wires. Calculated S-T curves show S increasing and decreasing with temperature at low and high temperatures, respectively, rather than monotonously increasing as expected from metals and which would result in an asymmetry opposite to what is observed for the wires at high temperatures.
Supplementary Note 4: Phonon-drag effect
The calculated S-T curve includes only the diffusive component. Another mechanism which contributes to Seebeck coefficient is the momentum transfer between charge carriers and phonons, also known as phonon-drag. Charge carries are dragged in the direction of net phonon flow resulting in an enhanced Seebeck coefficient. This effect in semiconductors is quantified by Herring 15, 16 assuming thermal equilibrium:
where β is a factor between 0 and 1 representing the strength of electron-phonon interactions, v P is the average phonon velocity, l P is the mean free path of phonons which contribute to phonondrag effect and µ is the carrier mobility. Phonon-drag is expected to be negligible at high temperatures or high-doping levels 13, 17 . An upper bound of S Pd for both electrons and holes is calculated using β of 1, v P of 5000 m/s, l P of 10 nm (on the order of average grain size), and µ-T curve as calculated using the experimental and extracted electrical resistivity and calculated electron/hole concentrations. The magnitude of S Pd for electrons at low temperature (~300 K) seems to be much larger than the diffusive component S e,d (Supplementary Figure S6a) due to overestimation of electron-phonon interaction factor (β) and the average velocity of sound (v P ).
Nevertheless, the upper bound of S Pd is negligibly small at high temperatures resulting in a total
Seebeck coefficient (S Total ) close to S Diff . Moreover, at high temperatures holes dragged by phonons in the same direction as electrons further reduce the overall expected phonon-drag effect at high temperatures (T > 1300 K) (Supplementary Figure S6b) . The asymmetry in the self-heating profile of the wire is determined by the S-T behavior at high temperatures, hence the phonon-drag effect is expected to be insignificant and is ignored in numerical modeling of the 27 wires. Experimental phonon-drag Seebeck coefficient in highly-doped Si had been also shown to be insignificant previously 16 .
Phonon-drag is also expected to result in reduced thermal and electrical conductivity at the source side of the wire where incoming majority carriers scatter phonons back into the wire (reduced k phonon ) and lose momentum (reduced σ), leading to increased heating. Similarly, thermal and electrical conductivity would be enhanced at the opposite end as phonons and majority carriers travel in the same direction and tend to forward-scatter each other. The resulting increase in Joule heating and reduced thermal conductivity at the source side of the wire (and decrease in Joule heating and increased thermal conductivity at the other side) are also expected to contribute to the asymmetry in heating.
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Supplementary Note 5: Derivation of the electrical conduction equation
The electrical current density can be expressed as the sum of drift and diffusion components using a drift-diffusion model: J = J Drift + J Diff . The drift current is due to the electric field acting on the carriers and the diffusion current comes into existence due to gradients in carrier concentrations and their velocities (diffusivities, D). The general forms (in linear approximation) for these components are:
where σ is electrical conductivity, E is the electric field and n is the carrier concentration. In the This expression describes the diffusion current as a function of gradient of temperature, assuming that the material is uniform (using an effective media approximation with no variations in doping concentration, composition or crystallinity). In an open-circuit case (J = 0), the drift
29 and the diffusion currents are balanced, resulting in an open-circuit electric field driven by the thermal gradient:
The voltage (ΔV) generated by a difference in temperature (ΔT) is the definition of Seebeck voltage and their ratio is defined as the Seebeck coefficient (S):
Hence the diffusion expression can be written in terms of Seebeck coefficient as
where experimental values can be used for S. Assuming steady state (current continuity), charge transport including the thermoelectric contribution for a uniform material can be described by:
Supplementary Note 6: Modeling results with and without thermoelectric effects
In the first set of simulations, thermoelectric effects on the wires are studied by turning on and off the thermoelectric effects in the model. For both cases, a 30 V, 1 µs pulse with 100 ns rise time is applied across a 2.5 µm long wire on series with a 19 kΩ resistor while T and V are solved for (Supplementary Figure S7a) . This electrical configuration is used for the rest of the simulations as well. Supplementary Figure S8 shows further simulation results to compare the cases with and without thermoelectric effects when the peak temperature on the wire reaches ~ 1600 K (t: 134 ns). The total current density is constant and symmetric with respect to the wire center, 31 decreasing towards the larger contact pads for both cases (Supplementary Figure S8a) . For the case with thermoelectric effects, the diffusion current, is asymmetric being positive on the higher potential end and negative on the other end since it is directly related to the temperature gradient (Supplementary Figure S8b) . The asymmetry in the diffusion current is compensated by the drift current, being slightly larger on the lower potential half to result in a constant and symmetric total current on the wire (Supplementary Figure S8c The asymmetry on the temperature profiles of the wires can be monitored through shift in the hottest spot location away from the wire center (Δx). This quantity in scaled by the wire length (Δx/L) and plotted during the entire pulse together with the peak temperature on the wire (Supplementary Figure S11a-b) to study the transient effects of the S-T curve. The hottest spot on the wire first shifts towards the higher potential side (negative Δx), where the majority carriers drain, at low temperatures (T < 1300 K); since the electronic-convective heat transfer is the main thermoelectric heat mechanism. Then, the hottest spot shifts towards the opposite side (lower potential side) as GTR becomes the dominant thermoelectric mechanism at high temperatures (T > 1300 K). The magnitude of Δx is larger for the extrapolated S-T curve throughout the pulse.
35
Once the wire starts melting, middle of the melting region is considered as the hottest spot location which continues to shift farther away from the wire center gradually for both cases of S-T curve. Thermoelectric effects beyond melting temperature is captured by plotting temperature, Peltier coefficient and thermoelectric heat along the wire at the end of the pulse (t: 1 µs) for the case with extrapolated S-T curve (Supplementary Figure S11c- Figure S12c) show that the longer wires start melting earlier. This is attributed to a better heat confinement on the longer wires due to reduced heat transfer towards the cooler contact pads. Current through the longer wires is smaller at the beginning of the pulse owing to the larger resistance (Supplementary Figure S12a) . Towards the end of the pulse current on the wires is approximately the same due to melting of the wires, hence significant reduction in resistance of the wires. Scaled shift in the hottest spot location is larger for the shorter wire (Supplementary Figure S12b) due to the larger temperature gradient.
Supplementary Note 10: Analysis of velocity saturation
The simulations, so far, do not account for velocity saturation at high electric fields, but rather assumes a linear relationship between the drift velocity and electric field (v = µE).
Saturation field velocity in the nc-Si films is not known and is expected to be different from that of x-Si. Therefore, the effect of velocity saturation on the asymmetric self-heating of the wires is studied by modeling x-Si wires (N D : 10 19 cm -3 ) with the same geometry. 
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Supplementary Figure S14 shows simulation results of the x-Si wire for a time step at which the peak temperature on the wire is 1600 K. The total current density is smaller for the case with velocity saturation (Supplementary Figure S14a) . The drift current varies along the wire to compensate for the asymmetric diffusion current for both cases (Supplementary Figure S14b) .
When velocity saturation is included, the electric field at the wire ends is larger and more asymmetric (being larger on the lower potential end) albeit the lower drift current (Supplementary Figure S14c) . As a result, Joule heating is larger and more asymmetric (Supplementary Figure S14d) . The thermoelectric heat is similar in both cases (Supplementary Figure S14e) . As a result, the overall asymmetry in the simulated temperature profiles with and without velocity saturation is observed to be very similar (Supplementary Figure S14f) . Velocity saturation at high fields is neglected in the numerical modeling of the nc-Si wires due to lack of velocity vs. field characterization of the nc-Si films. Based on this study, velocity saturation is expected to have no apparent effect on the self-heating of the wires.
